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a DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION, CORPS OF ENGINEERS

424 TRAPELO ROAD

WALTHAM, MASSACHUSETTS 02154
REPLY TO~ATTENTION OF:

NEDED SEP 2 4 1979

Honorable Hugh J. Gallen
IGovernor of the State of New Hampshire

State House
Concord, New Hampshire 03301I

Dear Governor Gallen:

*I am forwarding to you a copy of the Souhegan River Watershed Dam No. 19
Phase I Inspection Report, which was prepared under the National Program
for Inspection of Non-Federal Dams. This report is presented for your

* use and is based upon a visual inspection, a review of the past perform-
ance and a brief hydrological study of the dam. A brief assessment is
included at the beginning of the report. I have approved the report and
support the findings and recommendations described in Section 7 and ask
that you keep me informed of the actions taken to implement them. This
follow-up action is a vitally important part of this program.

copy of this report has been forwarded to the Water Resources Board,
the cooperating agency for the State of New Hampshire and owner of the

I project.

Copies of this report will be made available to the public, upon~~request, by this office under the Freedom of Information Act. In the
case of this report the release date will be thirty days from the date "

of this letter. on

I wish to take this opportunity to thank you and the Water Resources
Board for your cooperation in carrying out this program.

Sincerely

In. MA B.SCHEIDER
As stated Colonel, Corps of Engineers

Division Engineer
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NATIONAL DAM INSPECTION PROGRAM

PHASE I REPORT

Identification No.: NH 00475
NHWRB No.: 175.19
Name of Dam: SOUHEGAN RIVER WATERSHED DAM NO. 19
Town: New Ipswich
County and State: Hillsborough County, New Hampshire
Stream: South Branch Souhegan River
Date of Inspection: May 1, 1979

BRIEF ASSESSMENT

The Souhegan River Watershed Dam No. 19 is located on the South
Branch of the Souhegan River approximately 1600 feet upstream of
Ashby Road in New Ipswich, New Hampshire. The dam is an earth
embankment 720 feet long and 35.5 feet high with a drop inlet
service spillway structure and a 30 inch outlet conduit. Modi-
fications to enlarge the capacity of the emergency spillway
system are presently under construction. The modification plans
call for the filling of the left emergency spillway and replacing
the right emergency spillway with a structural emergency spill-
way of higher capacity. The remaining opening in the right.( spillway will be closed with an earthfill dike.

The structural spillway will consist of a reinforced concrete

box inlet, a reinforced concrete chute, and a St. Anthony Falls
(SAF) stilling basin. The design flow for the spillway is
15,061 cfs. The energy dissipator has been hydraulically
designed for 10,040 cfs.

The dam is owned by the New Hampshire Water Resources Board.
It was designed by the Soil Conservation Service for the purpose
of flood protection in the Souhegan River Watershed. The modi-
fications to the spillway system were designed by Camp, Dresser
& McKee, Inc. of Boston, Massachusetts.

The drainage area of the dam covers 11.4 square miles made up

[ primarily of rolling woodland with numcrous small swamps and
ponds. The dam normally impounds 85.3 acr', feet at low stage
but has a maximum impoundment of 2,378 acre feet. The dam is
INTERMEDIATE in size and its hazard classification is HIGH since
significant property damage and loss of life could result in
the event of a dam failure.

On --



I
The test flood for this dam is the Probable Maximum Flood. The
peak inflow for this flood is 16,400 cfs. Because of storage
the peak outflow for this flood is 13,250 cfs compared to a

pmaximum spillway capacity of 15,680 cfs. The water surface
would be at elevation 966.55 feet (MSL) or 0.45 feet below the
top of the dam for this flood.

The dam is in GOOD condition at the present time. No conditions
were observed which require additional investigation. Remedial
measures to be undertaken by the owner include; backfilling
animal burrows; removing shrubs or saplings, including their
roots, and backfilling the resulting voids; cutting brush on
slopes periodically; cleaning and painting trash racks; checking
the operability of the pond drain gate as part of the annual
inspection procedure; continuing the annual inspection program;
and developing a formal written emergency flood warning system
for the dam.

The recommendations and improvements outlined above should be
implemented within two years of receipt of this report by
the owner.
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This Phase I Inspection Report on Souhegan River Watrahead Dam No. 19

has been reviewed by the undersigned Review Board members. In our

opinion, the reported findings, conclusions, and reco~endatinS are

consistent with the Reco=aended Guidelines for Safety Inspection of
Dams, and with good engineering judgement and practice, and is hereby
submitted for approval.

T

Foundation & hate-ials Branch
Engineering Division

Design Branch
.Engineering Division

I

?OSEPH F. IEGAN, J3R kI

. ief , Keservoir Control Ceieir
ater Contro t Branch
Engineering Division

&

! A

APPROVAL RECOOM% DED:

ChEen, Eniineernng Division
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PREFACE

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams for
Phase I Inve5;tigations. Copies of these guidelines may be
obtained from the Office of Chief of Engineers, Washington,
D.C. 20314. The purpose of a Phase I Investigation is to
identify expeditiously those dams which may pose hazards to
human life or property. The assessment of the general con-
dition of the dam is based upon available data and visual
inspections. Detailed investigation and analyses involving
topographic mapping, subsurface investigations, testing, and
detailed computational evaluations are beyond the scope of
a Phase I investigation; however, the investigation is inten-
ded to identify any need for such studies.

In reviewing this report, it should be realized that the
reported condition of the dam is based on observations of
field conditions at the time of inspection along with data
available to the inspection team. In cases where the reser-
voir was lowered or drained prior to inspection, such action,
while improving the stability and safety of the dam, removes
the normal load on the structure and may obscure certain
conditions which might otherwise be detectable if inspected
under the normal operating environment of the structure.

It is important to note that the condition of a dam depends
on numerous and constantly changing internal and externalconditions, and is evolutionary in nature. It would be

incorrect to assume that the present condition of the dam
will continue to represent the condition of the dam at some
point in the future. Only through continued care and inspec-
tion can unsafe conditions be detected.

Phase I inspections are not intended to provide detailed
'I hydrologic and hydraulic analyses. In accordance with the

established Guidelines, the Test Flood is based on the
estimated "Probable Maximum Flood" for the region (greatest
reasonably possible storm runoff), or fractions thereof. Be-
cause of the magnitude and rarity of such a storm event, a
finaing that a spillway will not pass the Test Flood should
not be interpreted as necessarily posing a highly inadequate

condition. The Test Flood provides a measure of relative
spillway capacity and serves as an aid in determining the
need for more detailed hydrologic and hydraulic studies,
considering the size of the dam, its general condition and
the downstream damage potential.

S/. fi
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SECTION 3 - VISUAL INSPECTION

3.1 Findings

(a) General

The Souhegan River Watershed Dam No. 19 is in GOOD
condition at the present time.

(b) Dam

1) Embankment (See photos #1 and t2)

Small animal burrows and tire tracks were found
in both the upstream and downstream slopes. There
are five evergreen trees, from one to four feet high,
growing on the upstream slope and one on the downstream
slope. There is approximately six inches of erosion
from wave action at the waterline on the upstream
slope.

Three piezometers and three observation wells
were found downstream of the dam. The purpose of
these instruments was probably for monitoring perform-
ance during construction. The piezometers were not
read because a readout unit was not available. An
observation well located approximately 130 feet to thF
left of the outlet pipe as measured along the down-
stream toe showed the water level to be about six
feet below the ground surface. An uncased observatio:n
well located approximately 30 feet downstream of the
toe showed the water level at four feet below ground
surface and a third observation well approximately
130 feet downstream of the toe showed the water level
to be essentially at ground surface (See pg. B-2A).

The two embankment drain pipes were submerged

at the time of inspection.

2) Emergency Spillway (See photo 2)

The left emergency spillway is in GOOD condition.

Material is being placed in the spillway area as part
of the ongoing construction of the new structural
emergency spillway.

The right emergency spillway has been isolated
* with an earthfill cofferdam and e-ecavation is underway

for the new structure.

J I:;
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SECTION 2 - ENGINEERING DATA

2.1 Design Data

Among other design data available from the Soil Conservation
Service are hydrologic and hydraulic computations, structural
computations, a geological ;eport, and a design report. .he
design report for the modifications to the emergency spillways,
which are presently under construction, was obtained from Camp,
Dresser & McKee, Inc.

2.2 ' C n t r,.rt i n Data

'As built" plans are available for this dam and show good
agreement with design plans and the visual inspection.

2.3 Op, ratinln' Loita

.' op(,ratin d'-. is available. The gate is operated
only as part of infrequent maintenance checks.

2 -1 L',iU~l' i,,n (,f m :

a) Avai labi litv

Sufficient data is available to permit evaluation of
car when combined with findings of visual inspections.

( ) Adequacy

There is sufficient design and construction data to
permit an assessment of dam safety when combined with the
visual inspection, past performance, and sound engineering
judgment.

(c) Validity

Since the observations of the inspection team generally
confirm the data, a satisfactory evaluation for validity
is indicated.

2-1
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2) Length of Weir:

(a) Pond drain inlet: 30 inch diameter pipe

(b) Low stage inlet: 7 feet, 6 inches

(c) High stage inlet: 18 feet

(d) Emergency spillway before
modifications: 460 feet

(e) Emergency Spillway after

modifications: 360 feet

3) Crest elevation (ft. above MSL)

(a) Pond drain inlet: 934.0

(b) Low stage inlet: 940.9

(c) High stage inlet: 955.5

(d) Emergency spillway before
modifications: 961.0

(e) Emergency spillway after
modifications: 961.0

4) Gates: 30 inch vertical lift sluice gate on
pond drain inlet

5) Upstream channel: Reservoir

6) Downstream channel:

Before modification: Wide stream through woodland

After modification: St. Anthony Falls stilling
basin

(j) Regulating Outlet

The only regulating outlet is a 30 inch diameter

pipe controlled by a wheel operated sluice gate. The pipe
invert is at elevation 934 feet (MSL). The purpose of this
outlet is pond drainage, and it is normally closed.

1

1-11
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5) Side slopes

Before modifications: 3 to 1
After modifications: 3 to 1

6) Zoning

Before modifications: Silty fine sand core;
silt sand and gravel shells;
seepage drain full length,
of downstream embankment

After modifications: Sare

7) Impervious core

Before modifications: Semi-pervious silty fine sand
After modifications: Same

8) Cutoff

Before modifications: 12 feet wide, earthfill
After modifications: Same

9) Grout curtain

Before n,difications: None
After modifications: None

(h)- Diversion and Regulating Tunnel

Not applicable

,Ci) Spillways

1) Type:

(a) Principal spillway: Reinforced concrete drop
inlet

(b) Emergency spillway before
modifications: Grass covered earth channels

cut in left and right abut-
ments

(c) Emergency spillway after
modifications: Reinforced concrete box

inlet, chute, and SAF stilling
basin

71 1-10

M.1MM*'

,II

• I



I I II I I, I _ 1

I '

3) Spillway crest pool:

a) Low stage inlet: 85.3

b) High stage inlet : 1268

c) Emergency spillway: 1650

4) Top of dam: 2378

5) Test flood pool: 2321

(f) Reservoir Surface (acres)

1) Normal pool: 27

2) Flood control pool: 115

3) Spillway crest pool:

a) Low stage inlet: 27

b) High stage inlet : 82 +

c) Emergency spillway: 115

4) Test flood: 129

5) Ton of dam: 130

(g) Darn

1) Type

Before modifications: Earth embankment

After modifications: Earth embankment

2) Length

Before modifications: 720 feet

After modifications: 1,250 feet

3) Height

Before modifications: 35.5 feet
After modifications: 35.5 feet

f 4) Top Width

Before modifications: 14 feet

After modifications: 14 feet

IA

,/ 1-9
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8) Project Discharge at Test Flood

The total project discharge at test flood eleva-
tion (966.55 feet MSL) will be 13,250 cfs after the
modifications are completed.

(c) Elevation (feet above MSL)

1) Streambed at centerline of dam: 931.5

2) Maximum tailwater: No data

3) Upstream portal invert diversion tunnel: Not
applicable

4) Normal pool: 940.9

5) Full flood control pool: 961.0

6) Spillway crest:

a) Pond drain inlet: 934.0

b) Low stage inlet: 940.9

c) High stage inlet : 955.5

d) Emergency spillway : 961.0

7) Design surcharge: 967.0

8) Top dam: 967.0

9) Test flood design surcharge: 966.55

(d) Reservoir

1) Length of maximum pool: 4500 + ft.

2) Length of normal pool: 3000 + ft.

) 3) Length of flood control pool: 4400 + ft.

(e) Storage (acre feet)

1) Normal pool: 85.3

[ 2) Flood control pool: 1650

f1-8
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(b) Discharge at Damsite

1) Outlet Works

Normal discharge at the site is through the 42
inch diameter outlet pipe. In the event of severe
flooding water would flow over the emergency spill-
way at elevation 961.0 feet (MSL). The invert of the
low stage orifices is at elevation 940.9 feet (MSL).
The invert of the high stage orifices is at elevation
955.5 feet (MSL).

2) Maximum Known Flood

There is no data available for the maximum known
flood at this damsite.

3) Ungated Spillway Capacity at Top of Dam

The capacity of the principal spillway with the
reservoir at top of dam elevation (967 feet MSL)
is 279 cfs. The capacity of the emergency spillway
will be 15,401 cfs at this level after the modifica-
tions are completed.

4) Ungated Spillway Capacity at Test Flood

The capacity of the principal spillway with the
reservoir at test flood elevation (966.55 feet MSL)
is 277 cfs. The capacity of the emergency spillway
will be 12,973 cfs at this level after the modifica-
tions are completed.

5) Gated Spillway Capacity at Normal Pool

There Ere no gated spillways with the exception
of the gated pond drain inlet which is normally
closed.

6) Gated Spillway Capacity at Test Flood

As previously mentioned, there are no gated
spillways.

7) Total Spillway Capacity at Test Flood

The total spillway capacity at test flood eleva-
tion (966.55 feet MSL) will be 13,250 cfs after the
modifications are completed.

1-7
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(g) Purpose of the Dam

The purpose of the dam is to reduce downstream flood-
ing by providing temporary storage for the runoff from
11.4 square miles of watershed. This temporary storage is
released through the low and high stage outlets of the
principal spillway.

(h) Design and Construction History

The original dam was designed by the U.S. Department
of Agriculture, Soil Conservation Service. It was com-
pleted in 1962.

Modifications to the emergency spillway are presently
under construction. These modifications are being made in
order to increase the capacity of the spillway system.
The work is being done by Bridge Construction Corporation
of Augusta, Maine, and is being inspected by Mr. Dean
Sherman. The modifications were designed by Camp, Dresser
& McKee, Inc. of Boston, Massachusetts for the Soil Conser-
vation Service.

The modification plans call for the filling in of the
left emergency spillway and replacing the right emergency
spillway with a structural emergency spillway. The remain-
ing opening of the right emergency spillway will be closed
with an earth filled dike.

(i) Normal Operational rrocedure
Ji The dam is normally self regulating. At the time of

inspection the pond drain had been opened to lower the
reservoir during construction of the new emergency spill-
way.

1.3 Pertinent Data

(a) Drainage Area

j The drainage area for this dam covers 11.4 square
miles (7,277 acres). It consists primarily of rolling topo-
graphy with numerous small swamps and ponds.

1-6
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4) Foundation and Embankment Drainage (See pg. B-4)

A vertical seepage drain with a graded filter
is located in the downstream foundation at a distance
of 80 feet from the centerline of the dam. It
extends across the valley parallel to the centerline
of the dam and up each abutment to an elevation of
957.0 feet. This drain has a width of 4.0 feet and
varies in depth from 8 to 9 feet. Accumulated seep-
age is discharged into the stilling basin
through 10 inch bituminous coated corrugated metal
pipes on each side of the principal spillway conduit.

(c) Size Classification

The dam's maximum impoundment of 2378 acre feet and
height of 35.5 feet place it in the INTERMEDIATE size
category according to the Corps of Engineers' Recommended
Guidelines.

(d) Hazard Potential Classification

The hazard potential classification for this dam is
HIGH because of the significant economic losses and the high
potential for loss of life downstream in the event of dam
failure. Section 5 of this report presents more detailed
discussion of the hazard potential.

(e) Ownership

The dam is owned by the New Hampshire Water Resources
Board, 37 Pleasant Street, Concord, New Hampshire 03301.
They can be reached by telephone at 603-271-3406.

(f) Operator

The operation of the dam is controlled by the New
Hampshire Water Resources Board. Key officials are as
follows:

f George McGee, Chairman
Vernon Knowlton, Chief Engineer
Donald Rapoza, Assistant Chief Engineer

The Board's telephone number is 603-271-3406.
Alternatively, the Board can be reached through the state

j capital at 603-271-1110.

1-5
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The pipe penetrates the downstream side of the

riser structure and the earth embankment is supported
by a 10 inch thick concrete cradle within the embank--
ment. Plans indicate six concrete anti-seep collars
cast around the pipe within the core of the embank-
ment. The end of the conduit and cradle extend down-
stream of the embankment approximately 16 feet. Plans
indicate two 24 inch diameter cast-in-place piles
supporting the end of the cradle. The conduit out-
lets into a stone revetted plunge pool.

3) Emergency Spillway (See pgs. B-3 and B-7)

An emergency spillway was excavated in earth in
the left abutment. It curves slightly to the right
around the embankment and is 300 feet wide at the
control section. It is approximately 300 feet long
with the control section approximately 6 feet below
the top of the embankment. The side slopes are 3
horizontal to 1 vertical on the left side and 4 hori-
zontal to 1 vertical on the right side.

An emergency spillway was excavated in earth in
the right abutment. It curved to the left around
the embankment and was 160 feet wide at the control
section. This emergency spillway is no longer func-
tional. An earth cofferdam has been constructed
upstream of this spillway and excavation is underway

v or the proposed modifications.

The structural spillway which is being installed
consists of a reinforced concrete box inlet, a rein-
forced concrete chute, and a St. Anthony Falls (SAF)
stilling basin. The design flow of the spillway is
15,061 cfs. The energy dissipator has been hydrauli-
cally designed for 10,040 cfs. The spillway was
hydraulically designed and model tested by the Soil
Conservation Service. Detailed design plans are
included in Appendix B of this report (pgs. B-8
through B-18).

The existing spillway channels will be diked
with compacted glacial till. Soils and compaction
methods will be the same as those used for the

: i" original dam.

1-4
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I
J2) Principal Spillway (See pgs. B-5 and B-6)

The principal spillway consists of a reinforced
concrete drop inlet structure with a sluice gate
controlled inlet pipe and two uncontrolled orifice
inlets, an outlet pipe supported on a concrete
cradle, and an impact basin.

The riser structure is 25 feet high and 11 feet
wide normal to the axis of the dam. It is 5.5 feet

0 long parallel to the embankment and flares to 16
feet long at the top. The walls of the structure
are 12 inches thick and the top slab is 8 inches
thick.

At the base of the structure is a 30 inch diam-
eter, vertical lift, slide gate inlet which is con-
trolled by a wheel operated Armco bench stand with a
rising stem. The stem is protected by a steel stem
cover which is capped. A 30 inch diameter, asphalt
coated, corrugated metal pipe extends 22 feet upstream
from the lift gate into the impoundment pool. Plans
indicate a 48 inch perforated pipe riser structure
6 feet high at the upstream end of this pipe. The
low stage inlet consists of two uncontrolled openings
approximately 7.5 feet above the sluice gate invert.
They are located on the left and right sides of the
structure and are each 3 feet 9 inches wide and 12
inches high. The water flows over each orifice and
drops into the inlet structure. Each orifice is

J i protected by a trash rack assembly approximately 5
feet high and 4.5 feet wide. These painted assemblies
are fabricated from steel angles and reinforcing
rods.

The "high stage inlet" consists of two openings
approximately 22 feet above the sluice gate invert.
They are 9 feet wide and 21 inches high and are
located in the left and right sides of the flared
portion of the riser structure. They are protected
by 3 galvanized steel pipes, 2 inches in diameter.
placed in front of each high stage opening. A 24
inch diameter manhole permits access into the riser

structure.

The riser structure is drained by an outlet con-
duit of 42 inch diameter reinforced concrete pressure
pipe. It is approximately 202 feet long and drops
approximately one foot over that length.

1-3
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1.2Description of Project

(a) Location

The Souhegan River Watershed Dam No. 19 is located
on the South Branch of the Souhegan River in New Ipswich,
New Hampshire. It can be reached by an access road off
State Route 123A in New Ipswich, New Hampshire.

The dam is shown on USGS Ashby, MA quadrangle at
approximately coordinates N 420 43.4', W 710 50.9' (See
location map on page v). Figure 1 of Appendix B is a site
1,1an for this dam.

(b) Description of Dam and Appurtenances

The dam consists of a zoned earthfill embankment with
an earthfill cutoff trench below the embankment, a principal
spillway with a concrete riser and outlet pipe, and two
earth emergency spillways located in the left and right
abutments.

Modifications are presently under construction to
increase the capacity of the emergency spillway system.
This will be accomplished by filling in the present earth
channel spillways and installing a structural spillway and
stilling basin of reinforced concrete. At the time of
inspection, an earthfill cofferdam had been constructed
across the upstream side of the right emergency spillway
and excavation waF under way for the proposed modifica-

A [ tions.

1) Embankment (See pgs. B-3, B-4 and B-7)

The zoned embankment is made up of a central
core of silty fine sand with exterior shells of silt,
sand, and gravel. It is 720 feet long with a 12 foot
wide compacted earthfill cutoff trench below the
embankment over its full length. The dam is a maximum
of 35.5 feet high. The upstream and downstream slopes
are both 3 horizontal to I vertical and the width of
the crest is 14 feet.

The dam is founded on sandy alluvial floodplain
material which is underlain by glacial till and bed-
rock. The abutments are kame terraces which are
deposits of coarse grained sediments formed by glacial
melt water. When the modificationp are completed, the
earth embanlunent will be 1,180 feet long.

1-2
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fPHASE I INSPECTION REPORT

SOUHEGAN RIVER WATERSHED DAM NO. 19

SECTION 1

PROJECT INFORMATION

1.1 General

(a) Authority

Public Law 92-367, August 8, 1972, authorized the
Secretary of the Army" through the Corps of Engineers,
to initiate a National Program of Dam Inspection through-
out the United States. The New England Division of the
Corps of Engineers has been assigned the responsibility
of supervising the inspection of dams within the New
England Region. Goldberg, Zoino, Dunnicliff & Associ-
ates, Inc. (GZD) has been retained by the New England
Division to inspect and report on selected dams in the
State of New Hampshire. Authorization and notice to
proceed were issued to GZD under a letter of March 30,
1979 from Colonel John P. Chandler, Corps of Engineers.
Contract No. DACW 33-79-C-0058 has been assigned by the
Corps of Engineers for this work.

(b) Purpose

1) Perform technical inspection and evaluation/ }of non-federal dams to identify conditions which
threaten the public safety and thus permit correc-
tion in a timely manner by non-federal interests.

2) Encourage and prepare the states to initiate
quickly effective dam safety programs for non-
federal dams.

3) Update, verify, and complete the National

Inventory of Dams.

S(C-) Scope

The program provides for the inspection of non-
.federal dams in the high hazard potential category based

upon location of the dams, and those dams in the signifi-
cant hazard potential category believed to represent

an immediate danger based on condition of the dams.
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(c) Appurtenant Structures

1) Drop Inlet Service Spillway Structure (See photos
#3 and #4)

The structure is in GOOD condition with the
exception of erosion of the inverts of both low stage
openings. This erosion is minor and is possibly due
to cavitation. Otherwise, the structure shows no
evidence of spalling, cracking or efflorescence. The
sluice gate was submerged at the time of inspection.
The bench stand is in good condition. The hand
wheel has been removed from the site to preclude
unauthorized use.

The low stage trash racks showed minor surface
rust. The high stage trash racks are in GOOD condition.
Some debris is caught in the low stage trash racks.

2) Pond Drain Inlet Pipe

At the time of inspection the 30 inch pond drain
inlet pipe was completely submerged and could not be
observed. The gate for this inlet was partially open
and flow could be observed in the inlet structure.

3) Outlet Conduit (See photos #6 and #7)

The downstream end of this conduit is in good
condition with no evidence of settlement or spalling.
There is minor cracking with associated efflorescence
on the crown over a length of approximately eight feet
of the exposed pipe. The source of the present dis-
charge is the partially open pond drain inlet and the
low stage inlet openings.

3.2 Evaluation

The dam is generally in GOOD condition. The potential
problems noted during the visual inspection are listed as follows:

I a) Animal burrows in embankment slopes.

b) Saplings growing in embankment slopes.

. c) Debris clogging the trash racks.

d) Trash racks rusted.

( e) Low stage inverts eroding.
3-
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SECTION 4 OPERATIONAL PROCEDURES

4.1 Procedures

No written operational procedures exist for this dam. The
pond drain is partially open at the present time to facilitate
the ongoing construction. The pond drain is normally closed.

4.2 Maintenance of Dam

An annual inspection is made jointly by the New Hampshire
Water Resources Board and the Soil Conservation Service.
Recommendations resulting from this inspection are implemented
by the NHIVRB.

4.3 Maintenance of Operating Facilities

Operation of the sluice gate for the pond drain inlet is
checked approximately once every four or five years by NHWRB.

4.4 Description of Warning System

There is iho warning system in effect.

4.5 Evaluation

The established operational procedures for this dam are
generally satisfactory. Additional emphasis on routine mainte-
nance will assist the owners in assuring the long-term safety
of the dam..
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SECTION 5 - HYDROLOGY/HYDRAULICS

5.1 Evaluation of Features

(a) General

The description of the dam, as it appears in this
section, applies to the dam after the modifications have
been completed. This is because the hydraulic calcula-
tions assume these conditions (See section 1.2(b) and
1.2(h).

Souhegan River Watershed Dam No. 19 is a Soil Conser-
vation Service flood control dam on the South Branch of the
Souhegan River in New Ipswich, New Hampshire. The dam is
about 1600 ft. upstream of Ashby Road and about 3300 ft.
upstream of the confluence of the South and West Branches
of the Souhegan River. The upstream drainage area is 11.4
square miles with rolling topography and numerous small
swamps and ponds.

The dam itself is an 1180 foot earth embankment with
a 72 ft. wide concrete box drop inlet emergency spillway.
The principal spillway consists of 4 orifices located on
a riser in the reservoir. Flow from the orifices proceeds
under the dam through a reinforced concrete pipe.

The elevation of the low stage inlet was determined
i by the 50 year sedimentation level of the watershed. The

high stage inlet was set to allow storage of the four year.
six-hour storm without water passing over the high stage
inlet. The emergency spillway crest was set to allow
storage of the 100 year storm and the top of dam was
determined based on the Probable Maximum Flood.

(b) Design Data

The data sources available for Souhegan River Water-
shed Dam No. 19 include the Soil Conservation Services
(SCS) original "Hydrology/Hydraulics" Design Calculations.
These calculations establish storage-elevation and stage-
discharge curves for the dam and route storms of various
magnitudes through the reservoir. These calculations are
dated 1961.

A second set of Design Calculations, dated 1976, is
also available. These calculations are part of the design
for the reconstruction of the dam which is currently
underway. This reconstruction is replacing two grass-
lined emergency spillways with one concrete box drop
inlet emergency spillway.

/ 5-1
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Also available are SCS "Maintenance Checklist"
reports on dam inspections dated May 19, 1977 and June 16,~1978.

The plans for the 1962 construction of the dam and for
the current reconstruction are also available for Dam No.
19.

(c) Experience Data

No records of flow or stage are known to be available
for Souhegan River Watershed Dam No. 19.

(d) Visual Observations

Souhegan River Watershed Dam No. 19 is a flood control
structure on the South Branch of the Souhegan River about
1600 ft. upstream of Ashby Road in New Ipswich, New
Hampshire. The dam consists of an 1180 foot earth
embankment with a crest elevation of 967 feet MSL.

The emergency spillway currently under construction
will be a 72 foot wide concrete drop box inlet structure,
with its crest of 961 feet MSL. The principal spillway
consists of a concrete riser structure in the reservoir
with four orifices; two 1.0 foot by 3.75 foot orifices with
inverts at 940.9 feet MSL and two 1.8 foot by 9 foot ori-
fices with inverts at 955.5' MSL. The flow from these

( orifices combines in the riser and flows under the dam
through a 42 inch reinforced concrete pipe 202.3 feet lonz.

V The only controlled outlet at the dam is a 30 inch
corrugated metal pipe with its invert at 934 feet MSL
which also feeds into the riser and to the 42 inch rein-
forced concrete pipe under the dam. This outlet is a pond
drain, and is usually closed. It is operated by a valve
on the riser structure.

The South Branch of the Souhegan downstream of the
dam is generally wide and shallow, with a wide flood plain.
The stream passes under Ashby Road about 1600 feet down-
stream of the dam through three 6 foot by 6 foot arch cul-
verts. Immediately downstream of Ashby Road there are
three houses in the east part of the flood plain with
ground floors 10 to 15 feet above the streambed.

Some 1700 feet downstream of Ashby Road the South and
vWest Branches of the Souhegan join to form the Souhegan

if River. Two more houses and a trailer are on the east edge
of the flood plain here with ground floors about 10 to 15
feet above the streambed.

5-2
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The Souhegan runs about 4000 feet from this confluence

to the upstream end of Water Loom Pond. There is one house
in this reach, on the west side of the river about 14 feet
above the flood plain. River Road Runs parallel to and
about 10 feet above the river here.

Water Loom Pond is about 6200 feet long. Downstream
the river runs about 3000 feet to the village of High Bridge,
and then about 2 miles to the Town of Greenville.

(e) Test Flood Analysis

The hydrologic conditions of interest in this Phase I
investigation are those required to assess the dam's ovxer-
topping potential and its ability to safely allow an
appropriately large flood to pass. This requires using
the discharge and storage characteristics of the structure
to evaluate the impact of an appropriately sized Test Flood.
The original hydraulic and hydrologic design calculations
of the SCS are available for this dam.

Guidelines for establishing a recommended Test Flood
based on the size and hazard classification of a dam are
specified in the "Recommended Guidelines" of the Corps of
Engineers. The impoundment of between 1000 and 50,000 acre
feet and the height of less than 100 feet classify this darn
as an INTERMEDIATE structure.

The appropriate hazard classification for this darn is
HIGH because of the significant economic losses and high

.0potential for loss of life downstream in the event of dam
failure. As shown in the Dam Failure Analysis section
of this report, the increase in flooding caused by failure
would pose a threat to property and to lives at the houses
near Ashby Road, the houses near the confluence of the South
and West Branches of the Souhegan, the house near Water
Loom Pond, the village of High Bridge, and the Town of
Greenville. Other impacts of dam failure include possible
damage to several well-traveled roads, damage to a lumber
yard, and damage to Water Loom Pond Dam (see Dam Failure
Analysis Section).

As shown in Table 3 of the Corps of Engineers'
"Recommended Guidelines," the appropriate Test Flood for
a dam classified as INTERMEDIATE in size with a HIGH hazard
potential would be the probable maximum flood (PMF). The
Corps of Engineers' New England Division's "Maximum Probable
Flood Peak Flow Rates" curve gives a PMF of 1600 csm for

J a drainage area of 11.4 square miles with rolling topo-
graphy. To account for storage in the numerous ponds and

5-3
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swamps upstream of Souhegan River Watershed Dam No. 19,
this was reduced by 10 percent to 1440 csm, which yields
a Test Flood Inflow of 16,400 cfs. After attenuation by
storage in the reservoir, the peak outflow is 13,250 cfs,
which yields a peak water surface elevation of 966.55 feet
MSL, 0.45 feet below the dam crest. This analysis assumes
that the reservoir is at normal pool at the beginning of
the storm. Drawdown time from the emergency spillway crest
to normal pool is 7 days.

(f) Dam Failure Analysis

The peak outflow that would result from the failure
of Souhegan River Watershed Dam No. 19 is estimated using
the procedure suggested in the Corps of Engineers New
England Division's April 1978 "Rule of Thumb Guidelines
for Estimating Downstream Dam Failure Hydrographs," as
clarified in a December 7, 1978 meeting at the Corps'
Waltham office. Dam failure is assumed to occur when the
water surface overtops dam crest, at elevation 967.0 feet
.,:SL. This elevation is also the SCS Design High Water
for this dam.

With the reservoir at this elevation, the discharge
just prior to failure as determined from the Stage-Discharge
Curve developed in Appendix D would be 15,680 cfs. The
tailwater elevation prior to failure at this discharge would
be about 946 feet MSL (10 feet of flow in the channel).

For an assumed breach width equal to 40- of the dam
qi idth at the half-height, the gap in the embankment due to

failure would be 230 feet. The resulting increase in flow
would be 37,200 cfs, for a total flow of about 52,900 cfc.
This would increase the tailwater elevation by 5 feet, to
15 feet of flow in the channel. The flood peak would be
attenuated to 50,200 cfs and 15 feet of flow by the time
the dam failure outflow reached Ashby Road 1600 feet down-
stream.

The only development in this reach is an open pitIgravel mine, which would experience some flooding at the
pre-failure flow of 15,680 cfs. This flooding would
increase after failure, but it is unlikely that any loss
of life would result at this location. Ashby Road itself

would probably be washed out by the pre-failure outflow.

Just downstream of Ashby Road there are 3 houses
between 10 and 15 feet above the streambed. These houses
would be affected by dam failure, as flooding would suddenly
increase from little or nothing to about 3' to 5'. This
would cause serious damage, and would probably present a
threat to life at these houses.

5
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The 1700 foot reach from Ashby Road to the confluence
of the South and West Forks of the Souhegan offers con-
siderable temporary storage in the broad marshy floodplain
so that the flood wave should be significantly attenuated
in passing this reach. The prefailure outflow of 15,680
cfs would cause a stage about 12 feet above the steam-
bed in this reach. The attenuated flow after failure at

the confluence of the South and West Forks is 43,800 cfs,
which represents a stage 17 feet above the streambed.
Near the end of this reach there are three houses and one
trailer home about 10 to 15 feet above the streambed which
would be affected by dam failure. The dam failure flow
would cause flooding at these dwellings to increase from
1 to 2 feet or less to about 3 to 6 feet. Again, this
would cause serious property damage and present a threat of
loss of life.

The 4,000 foot reach from the confluence to the upstream
end of Water Loom Pond would have a stage of 14 feet at
the pre-failure flow of 15,680 cfs. After failure the peak
flow into Water Loom Pond would be 36,500 cfs, which would
yield a stage of 18 feet above the streambed.

The only impacted dwelling in this reach is a house
about 14 ft. above the streambed near the end of the reach.
Dam failure would increase flooding at this house from
negligible to 4 ft. Also, River Road runs parallel to the
Souhegan about 10 feet above the streambed in this area,
and would be flooded.

P The magnitude of inflow to Water Loom Pond before dam
failure is such that Water Loom Pond Dam, which has a spill-
way capacity of about 2,000 cfs, would be severely overtopped.
Flows on the Souhegan downstream of the dam would be at V
dangerous levels. The failure of S.R.W. Dam No. 19 would
increase these flows a great deal and present threats of
serious flooding in the village of High Bridge (4 dwell-
ings and a major road bridge on the river) and the Town of
Greenville (15 to 20 dwellings on the river). High Bridge
is about 3 miles downstream of S.R.W. Dam No. 19, and
Greenville is about 5 miles downstream of the dam. Below
Greenville there is little development on the Souhegan for
10 miles or so, which would give the dam failure flood
wave an opportunity to dissipate.

The chart on the following page summarizes the
downstream impacts of dam failure down to Water Loom Pond.

i 5-5
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jSECTION 6 - STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

(a) Visual Observations

There has been no significant displacement or
distress which would warrant the preparation of
structural calculations.

(b) Design and Construction Data

1) Embankment

Analysis carried out during the design and con-
struction phase included infinite slope and sliding
wedge methods Df slope stability analysis. Slopes
of 3:1 upstream and 2.5:1 downstream were recommended
based on these results. The slopes actually con-
structed were 3:1 for both upstream and downstream.

For the new construction the dikes are to have
slopes of 3:1 also. Haley & Aldrich, Inc. of Cambridge,
MA made a slope stability evaluation of the dikes
which is included in the Camp, Dresser & McKee, Inc.
design report dated May 1978.

9) Appurtenant Structures

- A review of the structural calculations for the
design of the drop inlet service spillway structure
and the outlet conduit (primary spillway) revealed
that these structures have been designed on the basis I
of sound engineering practice.

(c) Operating Records

There are no known operating records for this dam.

(d) Post Construction Changes

With the exception of the curent construction dis-

S"cussed in section 1.2(h), there have been no known con-
struction changes since the dam was completed in 1962.

(e) Seismic Stability

The dam is located in Seismic Zone No. 2 and, in

accordance with the recommended Phase I Guidelines, does

not warrant seismic analysis.

6-1
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SECTION 7 ASSESSMENT, RECOMMENDATIONS AND

REMEDIAL MEASURES

7.1 Dam Assessment

(a) Condition

The dam and its appurtenances are generally in
GOOD condition at the present time.

(b) Adequacy of Information

There is sufficient design and construction data to
permit an assessment of dam safety when combined with the
visual inspection, past performance, and sound engineer-
ing judgment.

(c) Urgency

The engineering studies and remedial measures
described herein should be implemented by the owner
within two years of receipt of this Phase I Inspection
Report.

(d) Need for Additional Investigations

None

7.2 Recommendation-

No conditions were observed which require further investi-
gation.

7.3 Remedial Measures

It is recommended that the owner institute the following
remedial measures:

1) Remove shrubs or saplings, including roots, from
j slopes and backfill the resulting voids with suit-

able material.

2) Monitor the erosion of the low stage orifice inverts.

3) Clean and paint the upper portion of each low stage
trash rack.

. 4) Check the operation of the pond drain gate annually
as part of the maintenance inspection procedure.

7-1
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5) Continue the annual maintenance inspection program.

6) Develop a formal written emergency flood warning
system for the dam.

7) Implement and intensify a program of diligent and
periodic maintenance including, but not limited to:

a) Brush cutting on embankment slopes

b) Backfilling animal burrows in embankment slopes
with suitable, well tamped material

c) Cleaning debris from trash racks

8) Consider monitoring the piezometers and observation
wells as part of the inspection procedure.

7.4 Alternatives

There are no meaningful alternatives to the recommendations
presented above.

it
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I
INSPECTION TEAM ORGANIZATION

Date: May 1, 1979

Project: NH 00475
SOUREGAN RIVER WATERSHED DAM NO. 19
New Ipswich, New Hampshire
NHWRB 175.19

Weather: Cloudy, 600

INSPECTION TEAM

Nicholis A. Campagna Goldberg, Zoino, Dunni-

cliff & Assoc. (GZD) Team Captain

W ] , S. S. Zoino GZD Soils

M. Daniel Gordon GZD Soils

Jeflrey '. hardin GZD Soils

Paul Razgha Andrew Christo Engineers
(RAI) Structures

Carl -a:;2. ACE Structure-

Ton.. Go. Resource Analysis, Inc.
(RAI) Hydrology

Robert Fitzgerald RAI Hydrology

Owner's Representative Present

Gary Kerr - New Hampshire Water Resources Board
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SOUHEGAN RIVER WATERSHED DAM NO. 19 June 1, 1979
New Ipswich, New Hampshire NH 00475

1
CHECK LISTS FOR VISUAL INSPECTION

AREA EVALUATED BY CONDITION & REMARKS

DAMd EMBANMCIENT

Crest elevation AP- 967.0'

(urren tO I c-I el(-V3tloD 9-12.]'

Maximum impoundment to
date No data

Surface cracks None

Pavemet condition Not applicable

Movement or settlement
of crest None

Lateral movement None

Vertical alignment Good

Horizontal alignment Good

Condition at abutment
and at concrete struc-
tures Good

Indications of movement
of structural items on
slopes None

Trespassing on slopes Five pine trees 1-4' high on
upstream slope; 3 to 5 rodent
holes and tire tracks on uio-
stream and downstream slopes

Sloughing or erosion of
slopes of abutments None

Rock slope protection -

riprap failures No riprap - approximately 6"
erosion at water line

Unusual movement or
cracking at or near toes A'I None
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APPENDIX B

Page
.7

Site Plan B-2
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SOUHEGAN RIVER WATERSHED DAM NO. 19 June 1, 1979
New Ipswich, New Hampshire NH 00475j

CHECK LISTS FOR VISUAL INSPECTION

AREA EVALUATED BY CONDITION & REMARKS

Gate Bench No deficiencies noted

B. Reservoir Discharge
Conduit Submerged, could not be

observed

C. Outlet Conduit (pri-
mary spillway)

Condition of pipe Minor cracking and efflores-
cence at crown, 8' long

II
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SOUHEGAN RIVER WATERSHED DAM NO. 19 June 1, 1979
New Ipswich, New Hampshire NH 00475

I
CHECK LISTS FOR VISUAL INSPECTION

AREA EVALUATED BY CONDITION & REMARKS

DAM EMBANKMENT - cont.

Unusual embankment or lPa

downstream seepage I None

Piping or boils None

Foundation drainage
features Toe drains

Toe drains Submerged at time of inspec-
tion

Instrumentation system Three piezometers not read;
three observation wells read;
see instrumentation plan

APPURTENANT STRUCTURES (pg. B-2A)

A. Drop Inlet Service
Spillway Structure

Condition of concrete Good

Spalling None noted

Erosion Minor at inverts of both low
stage orifice openings

Cracking None noted

Rusting or staining of
concrete None noted

Visible reinforcing None noted

" Efflorescence None noted

Trash Racks

I Upper stage trash
racks No deficiencies noted

1 Lower stage trash
racks L Surface rusting; debris

caught in trash racks

A-4Il
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' The U.S.D.A. Soil Conservation Service (SCS) located in Durham,
New Hampshire, maintains a file for this dam. Included in
this file are:

1) SCS "Design Report" dated 4/9/62.

2) SCS "Hydrology and Hydraulics" design calculations
dated 1961.

3) SCS stuctural design calculations dated 1962.

4) SCS "Detailed Geological Investigation of Dam
Sites" dated 1961.

5) SCS soil mechanics laboratory data sheets dated

February 1962.

6) SCS "As Built" drawings dated 1962.

The New Hampshire Water Resources Board (NHWRB) maintains a
correspondence file on this dam. Included in this file are:

1) Maintenance inspection checklists dated May 19,
1977 and June 16, 1978.

Camp, Dresser & McKee, Inc. of Boston, Massachusetts provided

a copy of the "Design Report" for the modification to the
emergency spillways. This report is dated May 1978.
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Attenuated Failure Outflow at Ashby Road TCG, 6/4/79, p. 12
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Attenuated Failure Outflow at Confluence of West and South Forks
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Atteniuated Failure Outflow at Headwaters of Water Loom Pond TCG, 6/5/79, p. 18
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Attenuated Test Flood at Dam Site TCGI, 6/5/79. p. 22
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APPENDIX E

INFORMATION AS CONTAINED IN

THE NATIONAL INVENTORY OF DAMS
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